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Abstract: The aim of the study was to investigate the possibility of using great auricular nerve - facial nerve (GAN-FN) coaptation
in the correction of experimentally induced facial paralysis according to clinical, histological and histomorphometrical analysis in dogs.
Five mongrel dogs of different age (range 2 to 6 years) and sex (2 male and 3 female) were the study material. Facial paralysis was
induced by neurectomy at the side of the facial nerve trunk passing through the stylomastoid foramen. The great auricular nerve
(GAN) was freed, neurectomized behind the furcations and transposed to the distal part of the neurectomized facial nerve trunk.
Both nerve stumps were coapted by epiperineural sutures. All 5 dogs were kept under clinical control for 6 months. At the end of
the observation period, each dog was anesthetized and the operated area exposed. Specimens were taken from the coapted area
and about 1 cm proximal and distal of the coapted area. The remaining facial nerve stumps were repaired by nerve grafting and the
animals were used for another study. The specimens were evaluated histologically and histomorphometrically with respect to axon
counts, myelin area and nerve fiber diameter. Clinical signs of facial paralysis had improved, except in one dog, which had wound
dehiscence. There were no significant differences between the proximal and distal parts of the coapted area with respect to axonal
counts, nerve fiber diameter and myelin area. In conclusion, in facial paralysis, GAN-FN coaptation can be a good alternative
treatment for intracranial facial nerve lesions that can not be treated and injuries located at a point after the nerve exits the
stylomastoid foramen.
Key Words: Facial paralysis, Second cervical nerve, nerve regeneration, dog

Deneysel Fasial Paralizinin Nervus Aurikularis Magnus-Fasial
Sinir Koapitasyonu ile Düzeltilmesi
Özet: Köpeklerde deneysel fasial paralizinin nervus aurikularis magnus – fasial sinir (NAM-FS) koapitasyonu ile düzeltilme olana¤›n›n
klinik, histolojik ve histomorfometrik yönden incelenmesi amaçland›. Çal›flma materyalini farkl› yafl (2-6 yafll›) ve cinsiyette (2 erkek
ve 3 difli) 5 melez köpek oluflturdu. Fasial sinirin foramen stylomastoideus’tan ç›kt›ktan sonraki ana trunkusunda nörektomi yap›larak
fasial paralizi oluflturuldu. Nervus aurikularis magnus serbestlefltirildi ve furkasyonun gerisinden kesilerek, fasial sinirin distal k›sm›na
transpoze edildi. Her iki sinir ucu birbirine epiperinöral dikifllerle koapte edildi. Befl köpek 6 ay süresince klinik gözlem alt›nda
tutuldu. Gözlem süresi sonunda köpekler anesteziye al›narak operasyon bölgesi aç›¤a ç›kar›ld›. Koaptasyon bölgesi, koaptasyon
bölgesinin 1cm proksimal ve distalinden kesitler al›nd›. Kalan fasial sinir uçlar› greftlerle onar›ld› ve hayvanlar baflka bir çal›flmada
kullan›ld›. Kesitler histolojik ve histomorfometrik (akson say›s›, miyelin alan›, sinir lifi çap›) yönünden incelendi. Yara iyileflmesi
geciken bir olgu d›fl›nda fasial paralizinin klinik belirtilerinde düzelme oldu. Akson say›s›, miyelin alan› ve sinir lifi çap› yönünden distal
ve proksimal k›s›mlar aras›nda anlaml› bir farkl›l›k bulunamad›. Sonuç olarak fasial sinirin foramen stylomastoideus’tan ç›kt›ktan
sonraki k›sm›nda oluflan yaralanmalarda ve sa¤alt›lamayan intrakranial fasial sinir lezyonlar›nda, NAM-FS koapitasyonu iyi bir
alternatif sa¤alt›m seçene¤i olabilir.
Anahtar Sözcükler: Fasial sinir, 2. servikal sinir, sinir rejenerasyonu, köpek

Introduction
Facial paralysis may be caused by brain stem
inflammation, intracranial injury in conjunction with
petrosal bone fracture, extracranial injuries, compression
and erosion by neoplasia, idiopathic causes, otitis mediainterna and iatrogenic trauma in dogs and cats (1,2).

Facial nerve injury can be repaired by direct
coaptation of the cut nerves, nerve grafting and
tubulation with nonneural structures if the injured area is
suitable (3,4). For the treatment of lesions that can not
be exposed properly, like intracranial disorders of the
facial nerve or its nucleus and in severe hemifacial
spasms, many operative procedures have been reported
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in humans (5-8). Direct neurotization can strengthen a
weak muscle target without sacrificing its normal
innervation (4). Nerve transfer techniques have been
described, using hypoglossal, accessory and phrenic
nerves as motor donors in clinical practice (7).
Hypoglossal nerve transposition is used more extensively
than the others but all of these techniques have some
disadvantages such as adaptation difficulties of the
patients and atrophy of the tongue (5,7). The other
techniques are not complication free in correction of a
paralyzed face (7).
It was thought that hypoglossal, accessory and
phrenic nerve transposition techniques would not be
suitable for dogs because of the adaptation and function
problems. However, there are no studies about great
auricular nerve-facial nerve (GAN-FN) coaptation in facial
paralysis of the dog. It was hypothesized that the great
auricular nerve (GAN), which innervates the skin of the
neck, ear and the back of the head (9), could be sacrificed
for the correction of facial paralysis. In pendulous ear
dogs, there are no serious problems with denervation of
the pinna. In erect pinna dogs, there is a risk of pinnal
drooping. Despite the side effects of sacrificing the GAN,
it was considered that this technique could be used for
the correction of facial paralysis.
The effect of the coaptation of GAN – FN on the
correction of experimentally induced facial paralysis in
dogs by clinical, histological, and histomorphometrical
analysis was evaluated in the present study.

Materials and Methods
Five adult mongrel dogs (2 male and 3 female), 2 - 6
years old, were used. The protocol was approved by the
Ankara University Animal Rights Committee. The dogs
were anesthetized and positioned in right lateral
recumbency with the head elevated slightly. A paraauricular approach to the facial nerve and GAN was made.
The GAN, a branch of the second cervical nerve, going to
the ear, just under the fascia, was dissected, freed and
neurectomized. Dissections were carried out in order to
expose the facial nerve trunk as it exits the stylomastoid
foramen to the facial muscles, between the proximal part
of the parotid gland and sternomastoid muscle. Freeing
the nerve trunk from the stylomastoid foramen towards
furcations, which splits into cervical, dorsal buccal,
ventral buccal and auriculopalpebral branches, was
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carried out with the dissection of the tissue around the
nerve trunk. Neurectomy was performed on the main
trunk of the facial nerve and the proximal stump was
inserted into the sternomastoid muscle to prevent
regeneration. Both nerve stumps were coapted
epiperineurally with 10/0 propylene suture material using
a 10X magnification operating microscope (TAKAGI OM
5). The dogs were followed for 6 months and at the end
of this observation period, the dogs were anesthetized
with the same anesthetic protocol. After the nerve
specimens had been taken, the facial nerve was repaired
with grafts and the dogs survived.
Specimens were taken from the proximal and distal
parts of the coapted site and fixed separately in 2.5%
gluteraldehyde solutions. The tissues were washed with
cacodylate sodium in 1.1 molarity and they were fixed
subsequently for 2 hours in osmium tetroxide solution.
The specimens were washed with cacodylate sodium
again and then were dehydrated in ethanol (30, 50, 70,
90 and 100 °). The specimens were transferred to a
araldite (araldite CY 212 + araldite HY 964 + araldite DY
064 + Dibutyl fitalate) and propylene oxide mixture. They
were embedded in araldite. The prepared blocks were
hardened at 40°C for 24 h and 60°C for 24 h
consecutively. Sections 1 µm thick were cut using an
8800 LKB ultramicrotome. Semithin sections were used
for histomorphological evaluation.
Histomorphometrical evaluation of the sections
stained with Toluidine Blue were performed with a video
camera connected to a light microscope and computer
(Leica Q 500) with an Image Analyzing Program (KS 400
software). Myelin sheath thickness and nerve fiber
diameter were calculated at the inner and outer borders
of myelin sheaths. They were randomly selected from 50
different areas (x100 magnification) and were drawn
manually and calculated by computer. Axonal numbers of
myelinated axons were estimated in at least 5 different
areas of each section. Axons, which appeared to be
rectangular or square, were not estimated.
Transected nerve area
Total axonal numbers = -------------------------- X
Evaluated area

Myelinated nerve
numbers
in evaluated area

The outer diameter of myelinated axons was taken
into account for the determination of nerve fiber
diameter. An average value of each lesser and greater
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diameter was calculated by computer to estimate nerve
fiber diameter. Nerve materials taken from the coapted
site were stained by Klüver Barrera methods (10).
The results were analyzed using to the Chi-square test.

Results

Clinical Findings: Clinical signs of facial paralysis, such
as drooling saliva from the affected side of the mouth,
flaccidity of the lips, deviation of the nose to the healthy
side, and absence of blink reflex, were seen in the first
week of the postoperative period. There were no
problems with wound healing except for one case in
which seroma formation occurred and the wound healed
with persistent fibrous tissue. After one month, all the
clinical signs of facial paralysis were still present in each
dog. Improvement of clinical dysfunction was evident at
the end of three months in the four uncomplicated cases.
These dogs had nearly normal appearance during resting,
barking, eating and drinking at the end of the six months.
An ear drooped in an erect ear dog. However, in the case
with the wound healing problems, facial paralysis did not
resolve.
Histological Findings: There was no fibrous tissue
reaction around the surgical site except in the dog that
had wound dehiscence. In that dog there were capillary
vascularization, dense collagen fibers and neuroma
formation (Figures 1-2). The rest of the cases’ sections
had an orderly fascicular pattern and well myelinated
nerve fiber. However, some axons had a granular
appearance in some sections (Figures 3-4).

Figure 1.

Well myelinized and uniform structure of the axons groups
at the proximal part of the coapted site of the clinically
unhealed case Toludine Blue x 160.

Figure 2.

Irregular structure and different size of the axons in the
distal part of coapted site of the clinically unhealed case
Toludine Blue x 160.

Figure 3.

The well myelinization and uniformity of axons at the
proximal part of coapted site of the clinically healed case
toludine Blue x 160.

Figure 4.

Well myelinized but irregular separation of axons at the
distal part of coapted site of the clinically healed case
Toludine Blue x 160.

337

Correction of Experimentally Induced Facial Paralysis with Great Auricular Nerve-Facial Nerve Coaptation

14,377

15,890

15,952

12,475

14,160

21,394

Histomorphometry: The histomorphometrical
evaluation of the myelin area, axon number and nerve
fiber diameter demonstrated that there were no
significant differences between the proximal and distal
parts of the repaired site (P>0.05) (Figure 5). However,
in the dog with wound dehiscence, measurements looked
smaller in the distal part than in the proximal part of the
repaired site of the nerve.

Proximal
Distal

Axon number
Figure 5.

Myelin sheath
thickness

Nerve fiber
diameter

Histomorphometrical values of the cases. There are no
significant differences between proximal and distal part of
the coapted site (AN: Axon Number, MST: Myelin sheath
thickness, NFD: Nerve Fiber Diameter).

Discussion
Traumatic, iatrogenic and idiopathic facial paralysis is
seen frequently in dogs (1,2,11,12). Specific treatment
methods suggested for dogs and surgical correction of
the paralyzed face have not been studied enough in
veterinary medicine. Direct repair or grafting, direct
neurotization, muscle transfer, cross facial nerve
grafting, and transposition of the hypoglossal, accessory
or phrenic nerves have been utilized for surgical
correction of facial paralysis in humans (7,8). In
hypoglossal nerve transposition, paralysis and atrophy of
the ipsilateral tongue muscle, difficulty in swallowing
because of catching food in the vestibule on the affected
side and sometimes difficulty in readaptation in using the
tongue are the major disadvantages (5,7). In spinal
accessory nerve transposition, the shoulder needing to be
elevated to produce facial movement, and a drooping
shoulder are disadvantages. Phrenic nerve transposition is
complicated by facial twitches and asymmetry of the face
during coughing and laughing (7).
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The three nerve transposition techniques used in
humans seemed to be unsuitable for dogs because of their
disadvantages. These would cause more serious problems
in dogs like biting the tongue, motor dysfunction of the
thoracic limb, and difficulty in adaptation of facial
movements during breathing. These techniques are also
more complicated surgically. The results of the grafting
and tubulation and direct neurotization techniques
(3,4,7) are speculative. These techniques can not be used
properly in some circumstances, like donor site
morbidity, the need for multiple lengths of nerve,
exposure e.g., GAN innervates the skin of the neck, the
ear and the back of the head. When it is sacrificed, the
pinna will droop (13). It was hypothetized that if GAN-FN
coaptation could be performed, reinnervation of the facial
muscle would be accomplished.
Numerous studies had been done for repairing
peripheral nerve injuries, but most were for the nerves of
the limbs (14-16). When compared to peripheral nerves
of limbs, the difficulty of exposure, the sensibility of
cranial nerves to trauma and the thinness of epineurium
make repair difficult (17). Cranial nerve grafting is not as
easy as grafting of the peripheral nerves of the limbs.
Regenerating axons have to pass through two barriers
because of the presence of distal and proximal suture
lines at the grafting site. To avoid this disadvantage, GANFN coaptation might be an alternative technique. A
complex microsurgical approach was not needed to
expose the GAN or coapt the facial nerve.
In acute facial paralysis, the muzzle deviates towards
the healthy side because of the active muscle contraction.
In chronic cases, deviation towards the paralyzed side is
seen because of muscle atrophy and fibrous tissue
contraction, which occurs in the late stages of paralysis
(1,17). Asymmetric appearance of the face and deviation
of the muzzle towards the healthy side were seen in all
dogs in this study. Deviation to the paralyzed side was
seen at the end of the first month. Wound dehiscence and
the condition of the grafting bed were considered to be
responsible for the persistent facial paralysis in the
unsuccessful case.
Some abnormal movements and undesired results
during feeding, speaking or breathing were seen humans
who were treated with transposition of the hypoglossus,
accessory and phrenic nerves (7). These symptoms are
related to the function of the transposed nerve. There
were no signs related to the GAN during these necessary
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activities in dogs. However, pinnal drooping was seen in
a dog with normally erect ears. It was considered that
this technique had less disadvantages compared with the
studies done in humans.
Neuroma formation and adhesions are common
problems when repairing nerves (18). In one dog, wound
dehiscence occurred in the postoperative period. In this
dog, neuroma formation was also seen histologically. The
unsatisfactory clinical and histological results in this case
could be attributed to the wound dehiscence.
Regenerated axons can branch into as many as 20
distal fibers, and the axonal count in the distal segment
may be 150% greater than that in the proximal segment
(19). In experimental studies, the fastest conduction is
seen in the nerve fibers with the largest diameters. In
addition, nerve fiber diameters are greater in the
proximal part of the grafted sites than both in grafted
sites (20) and the distal part of it in the peripheral nerve
of the extremity (21,22). In a study about grafting facial
nerves after neurectomy, the axonal diameter and myelin
area in the grafted site were reported to be smaller than
in the distal part of the grafted sites (4). Functionally, the
myelin sheath serves as an insulator controlling leakage of

current. The myelin area would increase according to the
nerve fiber diameter. Myelination begins with the
regeneration phase when growing axons reach the distal
tube, and increases distally over time (19,23). It is
reported that regenerated and myelinated nerve fibers
have thinner sheaths than normal (7).
In the present study there were no significant
differences (p>0.05) between the proximal and distal
parts of the coapted area according to nerve fiber
diameter, myelin area and axonal counts. These results
indicated that the second cervical nerve could be
regenerated in the facial nerve tube easily. This
regeneration was found to be sufficient for resolving
signs of facial paralysis in dogs. Paralyzed facial muscles
could be reinnervated with this technique.
In conclusion, this study has shown that an injury of
the facial nerve can be repaired by GAN-FN transposition.
The techniques can also be considered in severe hemifacial
spasms as described in humans.
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